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@ A process is described for selective removal of 
unwanted metallization from the surface of a semi- 
conductor device. The process comprises the usual 
deposition of a configurable image defining layer on 
the surface of the device upon which a suitable pad 
limiting metallurgy (PLM) has already been depos- 
ited. The layer is then opened over the pad limiting 
metallurgy using standard techniques and coated 
with a layer of the terminal metal. The coated device 
is then heated to just above the melting point of the 
terminal metal causing the melted metal, through 
surface tension to form a ball of metal on the PLM 
and to form small globules of metal on the surface of 
the layer and then permitted to cool. When cooled 
the layer is removed using the usual techniques. 
Because the coating of terminal metal is no longer a 
continuous layer on the surface of the mask, removal 
of the polymer mask can be accomplished in about 
one-tenth of the time required when compared to a 
deposited terminal metal layer that is not melted. 
Also because of the effects of surface tension the 
metal coating need only be one-half the thickness 
required under the prior art techniques. 



FIG. 12 
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IMPROVED LIFT-OFF PROCESS FOR TERMINAL METALS 



This invention relates to the fabrication of semi- 
conductor integrated circuit structures and in par- 
ticular to the fabrication of the terminal metallurgy 
required on the surface of such semiconductor 
structures. 

In the semiconductor art terminal metallurgy is 
usually produced using the so-called lift-off pro- 
cesses, wherein a uniform layer of the terminal 
meta! is laid down over the entire surface of the 
chip which is coated by a soluble polymer in those 
places the metai is not to contact the surface of the 
chip so that by the dissolution of the polymer the 
metal in the unwanted areas is lifted off the surface 
of the chip. 

Typical lift-off processes are shown in a num- 
ber of prior art patents, such as for example, U.S. 
Patent 4,532,002; 4,108,717 and 4.045,594. In 
these processes metal deposited on the surface of 
a semiconductor device is lifted off by a dissolving 
of the underlying organic material. 

An improvement to the basic lift-off concept 
was described in U.S. Patent 4,519,872 which sets 
forth a lift-off process in which the underlying poly- 
mer is thermally depolymerized such that its dis- 
solution* can be more quickly accomplished since 
depolymerized polymer is more easily removed in 
a solvent. 

Another improved lift-off process is described 
in U.S. Patent 4,428,796 in which the polymer is 
heated to break the bond between deposited metal 
and the polymer. 

Still another improved lift-off process is in U.S. 
Patent 4,448,636 which describes a process in 
which the underlying polymer is heated with radiant 
energy, such as from a laser, to cause the poly- 
mer, under the metal film, to outgass thereby 
breaking the mechanical bond between the metal 
film and the resist. 

The present invention provides an improved 
method for the formation and fabrication of terminal 
metallurgy of integrated circuits. The present inven- 
tion can utilize various image defining layers, such 
as polymers or photoresist compositions which do 
not polymerize significantly at higher temperatures. 
The present invention also permits reduction in the 
thickness of the deposited terminal metal layers 
while still maintaining the thickness of the final 
metallurgy on the chip. Still further, the process of 
the present invention permits the removal of the 
unrequired excess deposited metal from the sur- 
face of the underlying insulating image defining 
layer without removing of the image defining layer, 
thus providing greater physical protection as well 
as alpha barrier protection to the underlying wafer 
and still achieve the necessary exterior, external 



terminal electrical connections required to properly 
connect and drive the circuit. 

A process is described for selective removal of 
unwanted metallization from the surface of a semi- 
5 conductor device. The process comprises the usual 
deposition of a configurable image defining layer or 
mask on the surface of the device upon which a 
suitable metallurgy, such as pad limiting metallurgy 
(PLM) has already been deposited. The image de- 

io fining layer is then opened over the metallurgy 
using standard techniques and coated with a layer 
of the terminal metal. The coated device is then 
heated to just above the melting point of the layer 
of terminal metal on the metallurgy causing the 

T5 melted metal, through surface tension to form a 
ball of terminal metal on the metallurgy and to form 
small globules of metal on the surface of the image 
defining layer or mask and then permitted to cool. 
When cooled the image defining layer or mask is 

20 removed using the usual procedures. Because the 
coating of terminal metal is no longer a continuous 
layer on the surface of the mask, removal of poly- 
mer masks can be accomplished in about one- 
tenth of the time required when compared to a 

25 deposited terminal metal layer that is not melted. 
Also because of the effects of surface tension the 
terminal metal coating need only be one-half the 
thickness required under the prior art techniques. 
Figs. 1 through 7 show, in section, one se- 

30 quence of a process embodying the present inven- 
tion, and 

Figs. 8 through 13 show a sequence of a 
different but preferred process embodying the in- 
vention. 

35 The present invention is particularly used for 
forming the terminal metallurgy, i.e. contacts and 
metallic wiring, on the surface of a semiconductor 
device and will be described in reference to forma- 
tion of the final solder contacts found on semicon- 

40 ductor devices. 

Fig. 1, shows in section, a portion of a typical 
semiconductor wafer 20 in which there is provided 
a number of semiconductor circuits 23 and which 
has completed all the processing prior to final 

45 metallization. This Fig. 1 shows the wafer 20 pro- 
vided with a suitable insulating layer such as a 
polyimide layer 21, which, in turn, is provided 
through known techniques such as photolithog- 
raphic and etching techniques with a suitable via 

so opening 22 leading to the underlying semiconduc- 
tor circuit 23. It should be noted that such circuits 
usually require a multiplicity of such openings in 
which contacts can be made but, for the sake of 
illustration only, only the formation of one such 
contact will be shown, it should also be noted that 
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many insulating materials can be used for this 
layer and many techniques such as a laser beam 
cutting of the like could be used to make the 
required openings therein. Following the formation 
of this opening 22. a layer 24 of so-called pad 
limiting metallurgy (PLM) usually a micron or so 
thick, such as chrome-copper-gold or chrome- 
copper-chrome, oc titanium, or titanium-copper as 
shown in Fig. 2, is deposited, for example by 
evaporation or sputtering, over the polyimide and 
through the opening 22 to contact the underlying 
semiconductor circuit 23. After this PLM is depos- 
ited, as shown in Fig. 3, a suitable image defining 
layer 25 which may be, for example a photoresist 
sold commercially under the name of Dupont 2560 
or Dupont Riston is applied in a" thickness of be- 
tween 38-100 microns (1.5 to 4 mils). The use of 
such photoresist for such a purpose is well known 
to the semiconductor industry. It should be noted 
that other materials can be used for this purpose 
such as polyimide, glass, etc. The photoresist is 
exposed and developed using normal photolithog- 
raphic procedures, as is well known to those skilled 
in the art, to create a window 26 overlying the PLM 
coated via opening 22 provided in the polyimide 
layer 21. This window 26 is carefully dimensioned 
to define the contact area of the final deposits of 
terminal contact material to the PLM. As shown in 
Fig. 4, following the opening of this window 26 in 
the photoresist a 125 to 150 micron thick lead-tin 
deposit 27 is made over the entire surface of the 
photoresist layer 25 by any suitable deposition 
technique, such as for example, evaporation. This 
deposit 27 also forms on the surface of the PLM 24 
exposed through the window 26. The lead-tin de- 
posit in the region of the window 26 is less then 
the thickness of the photoresist layer 25 and is 
thus shown as the depressed layer 27a. Following 
this lead-tin evaporation and deposit of layers 27 
the coated semiconductor wafer 20 is heated in 
any suitable manner, which can be for example a 
suitable oven or other heated chamber (not shown), 
to a temperature of approximately 360°C which is 
above the melting temperature of the lead-tin de- 
posit, but below the degradation temperature, i.e. 
that the temperature below which adverse affects 
such as oxidation, depolymerization or other signifi- 
cant changes in the material characteristics occur 
of the polyimide 21 or the photoresist layer 24. It 
should be noted that such heating of the device 
must be above the melting point of the metal but 
below that temperature which will adversely affect 
the semiconductor circuit 23 or any of the pre- 
viously deposited materials. Preferably this melting 
is, in this instance, achieved by heating the coated 
device in a furnace containing a hydrogen atmo- 
sphere at 360°. Because of the confining walls of 
the photoresist 25 around the opening 26 the lead- 



tin deposit upon melting forms a terminal solder 
ball 27b in the opening 26 which upon cooling is 
fixedly adhered to the underlying PLM layer 24. It 
should be noted that solder ball 27b has consider- 

s ably more mass than the deposited layer 27a. This 
is due to the flowing of the melted material and 
surface tension in the melted material which 
causes the ball 27b to pull additional material from 
the surface of the photoresist. That material which 

w is not attracted into the opening 26 by virtue of 
surface tension of the ball 27 is caused by the 
same surface tension to be gathered into a plurality 
of small globules 29 as shown in Fig. 5. 

It should be noted that such heating can be 

;s localized on a particular portion of the deposited 
lead-tin layer by, for example uses a laser or a 
micro-flame apparatus. Again, the temperature of 
any of the underlying layers must not be caused to 
reach the degradation temperature. Still further it 

20 should be noted that materials other than lead-tin 
combinations can be used. The sole requirement 
being that the melting temperature of the selected 
material being below that of either the polymeriza- 
tion or degradation temperature of the underlying 

25 layers. 

Since surface tension causes the lead-tin in the 
opening 25 to be built-up into heights well above 
the photoresist thickness the need for thick initial 
accumulations is eliminated and the -initial deposit 

oo need only be about one-half that of requjred by 
prior art techniques. Because the lead-tin deposit 
on the surface of layer 25, due to surface tension, 
forms globules 29 on the surface of the photoresist 
layer 25, extensive portions of the surface of layer 

35 25 are exposed making it more available for rapid 
chemical stripping. Since the photoresist layer 25 
has not been altered by the heating action it can 
be readily stripped, using a standard photoresist 
stripper within a period of between 1 and 4 min- 

40 utes. Such stripping of the photoresist layer also 
removes the globules of solder 29 accumulated on 
the surface while leaving untouched the solder ball 
27b, as shown in Fig. 6. After the removal of the 
photoresist layer 25 the PLM layer 24 of chrome- 

45 copper-gold is exposed everywhere except under 
ball 27b, as shown in Fig. 6. This undesired and 
now exposed portion of PLM layer 24 can be 
removed from the surface of the polyimide layer 21 
by a standard etch procedure using either potas- 

50 sium cyanide, gold, ammonium hydrosulfate or am- 
monium hydroxide plus water for the copper or 
potassium permanganate for the chrome. 

This results in a single solder ball mounted on 
a remaining portion 24a of the PLM layer 24 which 

55 extends through the opening 22 in the polyimide 
layer 21. The solder ball is now suitable for con- 
nection to an external circuit, such as a printed 
circuit board by conventional means. 
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Tests performed on such devices using the 
above described process have found that by slight- 
ly tilting the semiconductor wafer at an angle, of 
about 20° or more, from the horizontal during heat- 
ing will cause the excess melted solder, to run off 
the surface of the device leaving only the material 
contained within the opening 26 in the photoresist. 
Thus, globules 29 run off the surface of the 
photoresist. Such globules can also be forced off 
the surface by using air jets or other such tech- 
niques. 

Turning now to Figs. 8 through 13, there is 
described the embodiment preferred by the in- 
ventors and which is a variation in the process 
described in Figs. 1 through 7. Fig. 8 shows a 
silicon semiconductor wafer 40 having a polyimide 
layer 41 deposited thereon in which an opening 42 
has been previously opened through photolithog- 
raphic techniques. Following this as shown in Fig. 9 
a. suitable image defining mask 43 such as 
photoresist or molybdenum is disposed as pre- 
viously described over the polyimide 21 so that all 
of the layer 41 except for a defined region around 
opening 42 is covered. A pad limiting metallurgy or 
PLM deposit 44 is now laid down over and around 
the opening 42 using standard deposition tech- 
niques. Subsequently, the mask 43 is removed 
using standard etching procedures or other re- 
moval techniques suitable for the mask used, and 
as shown in Fig. 10, using standard techniques, a 
layer of photoresist 45 is laid down on the surface 
of layer 41. This layer 45 is provided with an 
opening 46 which is larger than that of the pad 
limiting metallurgy deposit 44 placed in and around 
the opening 22 and exposes a ring 47 of the 
polyimide surface around the PLM deposit 44. This 
means that photoresist masks need be less restric- 
tive as to matching up to the dimensional aspects 
of the pad limiting metallurgy. Thus, looser groun- 
drules, i. e. dimensional differences, are permitted 
to be used with this process as compared to the 
process described in conjunction with Figs. 1 to 7 
and which taught that the photoresist covered a 
portion of the pad limiting metallurgy. 

Following the deposit of the photoresist layer 
45 a layer 48 of lead-tin is deposited, by any 
convenient technique, over the photoresist 45 and 
the opening 46 as shown in Fig. 11. Following the 
deposit of the lead-tin layer 48 the coated wafer 40 
is heated to melt the layer 48. This melting of layer 
48 is accomplished in the manner described in 
conjunction with Figs. 1 to 7 and forms a ball of 
solder 48b over the PLM 44. Due to the surface 
tension of the melted lead-tin layer the portion 48a, 
deposited in opening 46, contracts from the ex- 
posed surface of the polyimide ring 47 around the 
PLM 44 and collates into a hemispherical ball 48b 
positioned exactly over and on the PLM 44. Thus 



no excess lead-tin remains on the exposed 
polyimide surface 47 within the confines of the 
photoresist defined opening 46. The remaining de- 
posit of lead-tin on the surface of the photoresist 
5 layer 45 is formed by this heating step into glob- 
ules 49. 

Following this heating and balling of the depos- 
ited lead-tin layer 48 the photoresist material 45 
can be removed by immersing the unit into a 
w standard photoresist removal bath. At that point the 
device is completed and no further processing is 
required. 

It should be understood that, at times, it may 
not be necessary to remove the masking material 

/5 after the heating of the unit especially when the 
unit is heated in such a way that all the excess 
metal is caused to run off the surface of the mask- 
ing material during the heating step. 

Thus, there has been described two different 

20 processes utilizing image defining masks which are 
not significantly affected at the temperatures re- 
quired to melt the lead-tin deposit. Photoresist ma- 
terials suitable for such a purpose include dry film, 
such as Dupont Vacrel, Dynachem or liquids such 

25 as Ciba-Geigy #348. All of these are particularly 
useful being suitable for image creation of 
photolithographic images therein. 

The processes described herein permits reduc- 
tion in the evaporation time by permitting thinner 

30 lead-tin alloy deposits and provides for significant • 
surface clearance of the photoresist layer in a brief 
period while retaining the required terminal pads, 
thus permitting the stripping of the photoresist to 
occur in a significantly shorter period of time, i.e., 1 

35 to 4 min., versus approximately 30 min. or more 
using the prior art techniques. 

It should be noted that the resist utilized can 
be water soluble, halogenated or other types of 
solvents can be used and which were not usable 

40 by the prior art processes. 

It should be especially noted that this process 
can be adapted to produced lines as well as in- 
dividual pads and that while the invention herein is 
described with references to the preferred embodi- 

45 ments of the invention it should be understood that 
numerous variations may be made in these pro- 
cesses without departing from the scope of the 
invention as defined in the appended claims. 

50 

Claims 

1. Lift-off process for removing a metallic layer 
deposited over a layer of masking material depos- 
55 ited on a semiconductor device comprising the 
steps of: 

depositing a layer of masking material on the sur- 
face of the semiconductor device, 
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creating an opening in the layer of masking ma- 
terial, and 

depositing a layer of metal over said layer of mask- 
ing material and in said opening, 
heating said metal layer to cause melting of said 
metal layer in said opening, 
and removing said metal outside of said opening. 

2. Process of claim 1 wherein the masking 
material is a photoresist, and 

the opening in the masking material is created by a 
photolithographic process. 

3. Process of claim 2 wherein said layer of 
metal has a melting point below the degradation 
temperature of the photoresist. 

4. Process of claim 1 wherein said heating is 
achieved by using a heated chamber. 

5. Process of claim 1 wherein said heating is 
achieved by using a laser beam. 

6. Lift-off process for removing a metallic layer 
deposited over a layer of masking material depos- 
ited on a semiconductor device comprising the 
steps of: 

creating a layer of insulating material on a selected 
surface of the device, 

forming openings in selected regions of said in- 
sulating layer, 

depositing a first metallic layer in said opening, 
depositing a layer of masking material on the sur- 
face of the layer of insulating material, 
creating a plurality of openings in the layer of 
masking material, and 

depositing a second metallic layer over said layer 
of masking material and in said openings, 
characterized by heating said second metallic layer 
to cause melting of said second metallic layer, and 
removing said layer of masking material. 

7. Process of claim 6 wherein said insulating 
layer and said layer of masking materia! are dif- 
ferent polymers, and 

said openings in said insulating layer and said 
layer of masking material are formed photolithog- 
raphicaliy. 

8. Process of claim 6 wherein said first metallic 
layer is comprised of chrome-copper-gold or 
chrome-copper-chrome. 

9. Process of claim 6 wherein said second 
metal layer is comprised of lead and tin. 

10. Process of claims 6 and 7, wherein said 
second metallic layer has a melting point below the 
melting point of the first metallic layer and below 
the degradation temperature of the polymers. 

11. Process of claim 6 wherein said layer of 
masking material is removed from the layer of 
insulating material by a chemical stripping action. 

12. Process of claim 6 wherein said semicon- 
ductor device is positioned at an angle of more 
than twenty degrees to the horizontal while said 
second metallic layer is being heated. 



13. Process of claim 12 wherein said device is 
heated in a chamber to a temperature of between 

• 300°C and 450°C. 

14. Process of claim 12 wherein said second 
5 metallic layer is heated with a laser. 

15. Process of claim 6 wherein said insulating 
layer is composed of a glass. 

16. Process of claim 6 wherein said second 
metallic layer is approximately one-half the thick- 

w ness of said layer of masking material. 

17. Lift-off process for removing a metallic lay- 
er deposited over a photoresist layer deposited on 
a semiconductor device comprising the steps of: 
creating a layer of insulating material on a surface 

75 of the device, 

forming openings in selected regions of said in- 
sulating layer, 

depositing a first metallic layer in said openings, 
depositing a layer of photoresist, having a poly- 

20 merization temperature and a depolymerization 
temperature, on the surface of said insulating layer, 
photolithographically creating a plurality of open- 
ings in the photoresist layer, over selected regions 
of said first deposited metallic layer, 

25 depositing a second metallic layer over said 
photoresist layer and in said openings in said 
photoresist layer, said second layer having a melt- 
ing point less than the melting point of said first 
metallic layer and less than the polymerization 

30 temperature and the depolymerization temperature 
of the photoresist, 

heating said second metal layer to cause melting 
of said second metal layer, and 
removing said photoresist from the surface of said 
35 insulating layer by using a chemical stripping 
agent. 



40 



45 



50 



55 



5 



FIG o 1 21 



22 



t — r 



23 



FIGo2 



20 



24 



/ / z z ^ /. z z z 



Z 4 Z Z Z IX f7y~ / Z Z Z ^ 7 ~^ 1 



.3 25 ^ 

\ 




26 














Si 


•4 27^, 




27a 


/////// 


I Tj 


V////A 




^ ./. <^ 




/ / / /' / / f * 




/ / / / / / /' / , 


_\ \ \ \ V v / V 


\\y / ^ v v v \ <v \ v t- 


23 


> J 





FIG o 5 27b 

Q Q 




1 ZI ZI Z Z Z 4 a / ///////// 





* ^J^J *^ 2 ^— 5 a - 1 > , 


23 - 





20 



FIG. 6 2^ 



27b 




21~^ 23--" 



20 



FIG.7 



24c= 











5 A r \ V \ N > \ N \ N 



FIG, 8 



42 



•41 



FIG.9 



40 
43 





4,rr 




\ \ > 




\ 






V V 








Si 







FIG. 10 



46 



.44 ^41 



45 



. — — — ^/ 


\ r 









FIG. 1 1 



48 



45 



V/////A 






. \ \ \ v t — ^ — 1 






12 

"(V 


"A < 


49 



45' 



FIG. 13 

r~v^ ^ s ^ \ v SZSZSZSZS3ZSZS 



J 



European. Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 11 4044 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. a. 5) 



A 

Y 



US-A-4.273 859 (HONEYWELL) 

* Figures 1-3; abstract; column 5, 

lines 49-51; column 4, lines 32-37 * 



PATENT ABSTRACTS OF JAPAN , vol. 7, no. 
154 (E-185), 6th July 1983; & JP-A-58 
064 051 (NIPPON DENSHIN DENWA KOSHA) 
16-04-1983 
* Abstract * 

PATENT ABSTRACTS OF JAPAN, vol. 5, no. 
192 (E-85)[864], 8th December 1981; & 
JP-A-56 114 358 (HITACHI SEISAKUSHO 
K.K.) 08-09-1981 



The present search report has been drawn up for all claims 



6-17 



1-5 
1-5 



H 01 L 21/60 
H 01 L 21/90 
H 01 L 23/485 



1-17 



TECHNICAL FIELDS 
SEARCHED (tat OS) 



H 01 L 



Place of search 

THE HAGUE 



Date of completion of the search 

09-11-1989 



Examioer 

SINEMUS M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 



& : member of the same patent family, corresponding 
document 



